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(b) n.^n (a) lci5V>T. 1 i U < !±aiBO r 5 y gSE^S^^^c* « 
I»*a3J WTO (c) i/ctt (d) OE^J^afeO, 7;^^h->;pr5^S-ft 
(d) ilB (e) Oie^Jtcisv.r, 1 4 L < iS8i4L<« 
Ilt*«4]E^J GlyPhePhePheGIuA.aAspGluAsn 

e) P'-^HisTyrAspTyrValAlaProLeuAlal.ys 
ProAsnSerLysGIuArg 

f) AspAlaProLeuLeuHisAspLysGluTy.Ty. 
C^luGLuLeuGlnLys- 
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✓nO^ 



AsnGlyLeuArgAsnTyrArgTyrI leSerThr 

g) ThrLysGlyAspLysGlyLeuAspProGluAsp 
L y s 

h) TrpValSerValGluAsnProThrProHisLys 
L e u G 1 u 

im^me] %mmi-5i,zii\,^xp i ch i a sp. Ni-i;|*t7tiip i 



lit^:^ 9 ] If 8 UW.<7yM-M^^j^^m 



IW^:^l 1] W^:^l~i 0(D\^>irfi7;)^zMi^<Dy}V^ Vi^JPT^^m'tt 



imimi 3] HbAl c^Ty-fe^i--5>:^^T*^o-C. ^pf>OHbAl c 



Ale 




^16] iiA{c:^i-i omm<Dy)]^ir hz^ji^r <ymtmm'^M^^^ 



£tliiE#2 004-3031803 




2003-116348 




O 

[0 0 0 1] 

^^m^t. mm^.y^u^,^>;ur^>mimm (fao) ^zm-t^. 

tc{±, 2^f|: — — 





10 0 0 2] 

^^^^^^^^^^^^^^^ (^-Ur^^^^-ntf^jHbAl 



^ o 




[0 0 0 3] 



^LTv>^c^^.^^ ^^^^^^>^^^^'';>*HbAlco^a^-^. 
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»«2 00 3-1 16348 
10 0 0 4] 

? >#««bgeg**WU ^ * i t*^3^8SS*.T.>* («BBBS 6 1-2 6 8 1 

78<#g,aS6 1 -2 8 0 2 9 7,#MT3-1 5 5 7 8 0.#i,T5-192 
193, #BST7-2 8 9 2 5 3. #BiT8-l 5 4 6 7 2, Agric Bi 
oi. Chem., 5 3 (1). 1 0 3- 1 1 0. 1 9 8 9, Agric. Bi 
01. Chem., 5 5 (2). 3 3 3-3 3 8, 1 9 9 1, J. Biol. C 
hem. . 2 6 9 (4 4), 2 7 2 9 7-2 7 3 0 2, 1 9 9 4,AppI E 
nviron. Microbiol. , 6 1 (1 2) , 4 48 7-4 4 8 9 1 
9 9 5, Biosci. Biotech. B i o c h e m. , 5 9 (3) 4 8 
7-4 9 1, 1 9 9 5, J. Bio,. Chem. , 2 70 (1) . 2 1 8-2 
2 4, 1 9 9 5, J. Biol. Chem. , 2 7 1 (5 1) , 3 2 8 0 3-3 
2 8 0 9. 1 9 9 6, J. Biol. Chen,. , 2 7 2 (6) . 3 4 3 7-3 
4 4 3, 1 9 9 7), 
(0 0 0 5] 

^.»*f:S-as-ll«f -a i i * g 6$, t 

[0 0 0 6] 

y >^ i' h >l-r i >mmn (FAO) S:a-K^.5itfST*^i>D 
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[0 0 0 7] 



[0 0 0 8J 

(a) mm • ee?'J#^ii;iBm$tt7tT^y^i5^j;$.f,;.^^gg 

[0 0 0 9] 

. tfz:^^mimT<D (a) t/cfi (b) c^^e®>e^^7;^^hv;i.T^^^>fb 
[0 0 10] 

ifz^^BMiiii}.T<D (c) iTtti (d) y^i^^hi.;uT<>mit 

( c ) mm • 2 (ciem ^ tL7-:^^ie^j;^> ^ ^ d n a 

(d) ±|B (c) (^SB^iJiC:fev.T, 1 ^ L < (im^omS;^^'^^, «^^,L<{± 

<i»DNAo 
[0 0 11] 

t;^.^l&^(i@B3F.J GlyPhePhePhcGluAlaAspGluAsn 
AsnGLuI 1 cLys i^isyjU^ h v;l/T^ >mit\ 



f50 
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[0 0 12] 

e) eH i s Ty r A s pTy r Va 1 A I p P r ^ T 

vxyxvaiAiah'roLeuAlaLys 

ProAsnSerLysGluArg 

f) ^^PAlaProLeuLeuHisAspLysGluTyrTyr 
Gl uGLuLeuGl nLys- 



8) ThrLysGIyAapLysGIyLe.AspProGluAsp 
■L y s 



AsnGlyLeuArgAsnTyrArgTyrll 



c S e r T h r 



h) TrpValSerValGluAsnProThrP 
L e u G 1 u 

[0 0 13] 



r o H i s L y 



tfz:^^m<,t±mm [o o o s] 

. Nl-i# 




- [0 0 1 2] tC:fev.TP i ch i a sp 
■^FERM P- 1 7 3 2 fi) */'i-HD • - «^ 

[0 0 14] 

tfc^ll^^i^iaiB,^ (0 0 0 8] ^ 10 0 1 2] ^c^^v.T^;.^ ^^>;.r 

[0 0 15] 

^fz^^mit±U [0 0 14] tcfB: 

[0 0 16] 

tfz^^BMii±^^ [0 0 15] tClB 




[0 0 17] 
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[0 0 18] 



tfz:^^Bm±nmm [0 0 0 8] - [0012] <Dy)i'^ hiy)UT^ymt 



10 0 19] 



tfz^^mti±tmm [0 0 0 s] [0 0 1 2] <^7;i.^ hv;vT^^m<bi 



[0 0 2 0] 

t7^:^^^{iHbAl c^Ty-fe^t-^^^T'^oT. ^4'<?5HbAl 
^^iLT7;^^^v;^/^',;>^^^^^^ tufa7;^^^v;W^^,;>-;^ [0 0 0 81 

- 10 0 12] '^y^^^ vi^ji^T^>m^mm^my^^x^A-r^;it^:^is^± 
[0021] 

i7?:^l&0.g(i±fSfBa [0 0 0 8] ~ [0 0 12] (Dy j).^ h i^)UT ^ >mit 
[0 0 2 2] 

t7^:^^gi(i±iaifi^ [0 0 0 8] ^ [0 0 1 2] (Dy )v ^ y )VT ^ 

^tr^tf H b A 1 c ^^^m^miimr y^^^^y ^^^-r^o 

[0 0 2 3] 

tfz:^^mt±mm [0 0 0 8] ~ [0012] (Dy)v^Yi.)vrAymi\:L, 

^ o 

[0 0 2 4] 

■^tz^mmt±tmm. [0 0 0 S] ~ [0 0 1 2] h v;ut^ 

[0 0 2 5] 
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[0 0 2 6J 
[0 0 2 7J 



[0 0 2 8] 





:$:^HJ<^ F A 0 ^ n - Kt-^^f^:^^^^D N AifJt {i F A O^. 

^FAO^MBi: tTii^#:fi5tc(iP i c h i a;^(i 
a P a s t o r i s;5^iiL-CV>^ 
[0 0 2 9J 



Pi Chi 



^^iC^f&B^OFA0*3^K-r^itfe^^^^^FA0^MMiLTfiP i c 
hia acaciae, Pichia alni, Pichia ambro 
siae, Pichia Americana, Pichia amyloph 
^la, Pichia angophorae, Pichia angusta 
^Pxchia anomala, Pichia b a r k e r i , P i c h i 
a besscyi, Pichia bixnundal is, Pichia b 
^spora, Pichia bovis, Pichia burtoni i 
Pichia cactophila, Pichia canadensis. 
Pi chx a capsu 1 a t e. Pi ch i a cas t i 1 1 ac Pi 
chia chambardi i, Pichia ciferri i, Pich 
la delf tensis, Pichia d e s e r t i c o 1 a. Pic 
l^ia dianae, Pichia dorogensis, Pichia 
dryadoides, Pichia etchellsii, Pichia 

euphorbiae. Pichis. ^ • ■ 

«=, iTicnia euphorbi iphi la. Pic 

bia fabianii Pirhio * 

"11, richia farinose, Pichia 

fermentans, Pichifl f;r>i„ j- ^ 

' ^icnia finlandica, Pichia 

fluxuum, Pichia craiow • ^. 

^nia galeiformis, Pichia gl 
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ucozyma, Pichia g u i 1 , i e r m o n d i i . Pichia 
hampshi rens i s, Pichia hapiophi la, Pic 
hia hawai iensis, Picliia la e e d i i , P i c h i a 
heimii, Pichia henricii. Pichia hoist 
Pichia inositovora, Pichia jadinii 
(Torulayeast) .Pichia japonica, Pichia 
kluyveri, Pichia kodamae. Pichia lach 

ancei, Pichia lynferrfi: u ■ u ■ 

lynierdii, Pichia maclur 

ae, Pichia m a n s h u r i c a, P i c h i a media Pi- 
chia membranifaciens, Pichia methanol 
■ca. Pichia methyl ivora, Pichia mexica 
na, Pichia m e y e r a e , P i c h i a minuta.Pich 

* # 

■a mississippiensis. Pichia misumaien 

s.s. Pichia naganishi i. Pichia nafcasei 

, Pichia nakazawae Pirhio ^ ^ 

<i ts, ricnia norvegensis 

.Pichia ofunaensis. Pichia ohmeri.Pic 
hia onychis. Pichia petersoni i. Pichia 
Phi lodendra, Pichia phi logaea, Pichia 
P'JPeri, Pichia pilisensis. Pichia pi 
nus, Pichia popul i, Pichia pseudocacto 
Phila. Pichia Pseudopastoris. Pichia , 
uercuum, Pichia rabaulensis. Pichia ra 
naenticola, Pichia rhodanensis, Pichia 
salicis, Pichia s a 1 i c t a r i a, Pichia sco 
lyti, Pichia segobiensis, Pichia silvi 
cola, Pichia spart inae, Pichia sporocu 
riosa, Pichia stipitis, Pichia strasbu 
rsensis, Pichia s u b p e 1 1 i c u 1 o s a , Pichia 
sydowiorum. Pichia tannicola, Pichia 
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S2 0 0 3- 1 1 6 3 4 8 ^^.^ 

t o 1 e t a n a, P i c h i a trehalnaK ^• 

•■^^^aioabstinens.Pic 

trehalophila. Pichia triangularis 
■ P'ch.a veronae. P i c 1> i a wickerhami i. P 
•ch.a .ylosa. Piclaia z s o 1 t i i ^oSe**.f^ ^ 

[0 0 3 0J ^^^.T-^Pichia sp. Nl-l^ 

^^ni.'^^y -^Bt^^FERM P- 1 7 3 2 6) 

[0 0 3 1 J 





[0 0 3 2] 



iseFA0S:3- safest LT(1, (a, ge^jjj . gg^j^^^ ...^ 



[0 0 3 3] 



a (d) isa (c) «E^j(c*v>T, 1 * L < fiiS4L< 



10 0 3 4] 



wicLXiY3e^ ^^^ifi^^gLS^ MIM^^M 
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[0 0 3 5] 



[0 0 3 6] 



V-^A (SDS) l5^:H^c7-^ 



[0 0 3 7] 
[0 0 3 8] 



[0 0 3 9] 



r-Pt LT«. H^itE s c h e r i c h i a 
i-^^-^tCfiLambda gt 10. Lambda 



c o 1 i 




g t 1 1 ^ ifi^s^fij^ $ 
T{i.^Af^. Escherichia col i^ 
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2 0 0 3- 1 1 6 3 4 8 ^^.y , 



19. PUC119. pTrc99A. pBluescript. pET28* 
^"'"^^ 5 Kr*^ S u p e r C 0 s I 
(0 04 01 ' 

fin.!!!"' ''*""'°^^"^*-**«-*^ft^-*^<^J:<, 

^ * D N A *- ^ Offiffl J: , D N A 8f ;t t ^ ^ ^ - D N A Bf^t t i>a 

Escherichia coli DH5 ..XL-IBlu 
eMR, Escherichia c o I i B L 2 1 4 ftffl,>4 > t^,^.^ ^ 

icniaHJRr**^i:*.c,, Sac char omyc 
II/ ^ ' ' " P a s t 0 r i u s4tf<^^«« 

[0 0 4 2 J 

c h e r i c h i a coli *;P->^,A«i«Kj:«3;.ex^ h 

[0 0 4 3] 
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2 0 0 3- 1 1 6 3 4 8 ^^.j . 



J: V o 
[0 0 4 4J 



« * 1 1 KMBI«*> 19® L ft c D N A is i y A D N A «> F A O 
10 0 4 5) 

RNAimmi-^. Nl-l»^YMiS*fc8J«S (3 or. 5ml. L*») 

f r u c t o s y 1 v a I i „ e : FV mmmo. 4 8%) 
miStLrmftM9»*lS« (M9/FV) .ci%«BLft (ajBiftKO 0 
1- sot. 10 0m 1, 5 0 0ml....7;P) . OD g g 0 = 3#ffl-c*ffi ( 
5. OOOg. 15min. 4V) a, 2 0 0^1 buf f erA UMva 
>^^-^- lOO.M EDTA. 14mM.^^-r,^^,.,,) ^^^^^ 
Lft. 2 0^1*V*.;^-f^gjS (lOOOU1f^^V^^X/l„, bu 
f f e r A) *jDiigWm. 3 or, 3 Om i n»gL7i. (1 5 0 0 
Orpm. 10m in. 4t) a»*ISOGEN ImUciOBSL 
aa. 5min»gLft„ 0. 2 m 1 oo*;t.A gfi. 3m 

^ib, 00 Orpm. 15m in, 413) ;^c>ji{lO. 
5 m 1 ^y^n..y^;.^Jo^^^U Mi^. 1 0 m i nmULt.. M.^. (i 5 
^ 00 Orpm. 10m in. 4 'C) -^^jci m 1 7 0 96..^ y 
^^L^^.M15, OOOrpm. 5min. 4 r) f^. ^^^^ 1 5 m i n 
m^o^^mLtZo --T»#^tL7-mRNA^;$^^,McDNA^-^^-e§^ 

m K JN A 5- *N > P r» 1- ^ . 

TFAO^ititlS^^^t^g^^^i^^g^,^^^^ mRNAtc^LT RN 

A-PCR kitCAMV Ver. 2. 1 t a k a r a ) O r;Wc 
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AO-Fl ^l~lW^mFA0D<DT^ymm^mm2ii)nhflf'T<y 
mi Sn&J: i) T-'Hf^ > Lt-F AO-R 2 ^ffiv.^ C t;d^^T'§^o 

FA0-F15' -GGXACXTGGGGXWSXWSXACXGCXYTX 
CA-3' 

FA0-R2 3' -TCYTCRTYXGGYTCVAWRAARAAXCC 
- 5' 

tctitS = C + G Y=C + T R = A + G X = A + C + G + TW=A + TV 
=A+C+G 

9 4*0 1^ 

* 

eot: 3 o# 

7 2X: 3 0# 
jy>±^ 1-9-^^;^ 
9 8*0 3 0# 

6 or 3 0# 

7 213 7^ 
72V 8^ 

Ta,*.;^9-)ftt, TaKaEa LA T a q TM^^vV., £^ i ^ ,c 
Lc1»e.ttf;PCEM«lS-GENECLEAN II Kit#ffi«^^^r;u 
tc«6v>^^9^5,^^fflSJ^, Vector System««« 

(3 71:. 1. 8m K mtV) U «, ^9^5 K»mt1f^X:. » 

aSSSS, »*f ft* t-" A B I ;C A 3 1 0 X * ^ ^ .>. ^ r ^ 9 -r- 
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fM2 0 0 3- 1 1 6 3 4 8 ^ 



(0 0 4 6J 



W ^ <^t^3&mnm^^b»b JttlB^j J: ^ L;t F a O - F 3 t 

adapter P ^ ' m e . : 3 ' -C G C AG TTTTC C C A G TC AC 
[0 0 4 7] 

(8. OOO.p., „, 4t:) ^, «„o. 6., 

,n . ' ^ '^*-^*'^^^^^) **1AS«U 3 7t:, 

n^^MLTLo 0. 5ml Proteinase K buffer f 
50mMEDTA0 qo/ Qr.c « "xier( 

■t-A^Xy^,. U. d% SDS^ 0. 01% r» r- « 4. 

K-N ^4,„ •^•^'^ proteinase 

^ o o o r l : 

*^^^L7-. »^5 0 0 .1^TE buf. ^J^^lSmin 
on Tv^r ^ ^iJiii bufferdOmM NaCK 

20mM Tris-HCl CnHft n\ . 

xioi ^pH8. 0), ImMEDTA) 

1 ORN a s e ^Jn^yi^n J o rz"/^ o« 

c t/zupcittwu. 3 7 SOmini^aL/' 
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2 0 0 3- 1 1 6 3 4 8 



lO 0 4 8J 

;!;y7^•v-FAO-F5StFFAO-R6*ffll,>^ 

9 4t: 1^ 

6 ot: 3 0# 

7 2*0 3 0# 

9 813 3 0# 
6 or 3 0# 

72t: 8:9- 

2 5 -^--f )V 

TaQ#.J^9-^f.±. TaKaRa LA T a q TMjffl vV- 
[0 0 4 9] 

- « J: ^ L r# €, P C R JS*i|»>f «asBB?.j ^ * C t ti J: (, B flsj 

a;^^ ^ a ^ N 1 - 1 A D N A P C R itflg J: ^, l^Sli T' 
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■2)0 1"^^^, ^^i^'f-MM^^trm^]^mm-r:h/zit>l,z 

FAO-Nco 1 : 5' -ATCACCATGGAGTCGATAATTATA 
GTTGG-3 ' 

FAO-Xba 1 : 3' -TTGATTCTAGACATGTATGTTGTA 
ATCTTG- 5' 

e filJilfM- ^ #tf y y A D N A ^ifipl-t? # ^ o 



94*0 30 # 
SSt: 30 # 

72'C 5i> 



2 51^-r 



[0 0 5 0] 

±m<Dj: 9 izLx. -mm^^ti/zFAomi^^t:mi-^m.mx.-<^^--x 
m.mx.^^ 9 ^ i^^hWimmm^ vc^^z^^yk oms^i-x^ d n a * niiix 

10 0 5 1] 

tti. ^^®*^t,v^-CNl-l^ft5^FAO<^)M^^^^^;6^^i5^;&;t^o # 
^tL7tNl-l;^a5^FAOD om3iilf5^@e^,j.|t^^. f> N5^^. C ic^fBS 

(FAO-Nco I). C^«iJo:/7^-T-tc(±Xba I (FAO-Xb 
a I) ^m]\LfZo 
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FAO-Nc o 1 : 5' -ATCACCATGGAGTCGATAATTATA 
GTTGG-3 * 

FAO-Xba 1 : 3' -TTGATTCTAGACATGTATGTTGTA 
ATCTTG- 5 ' 

^#^tL7-PCRMt»^Nc o I. xb a imitu mmmmmmittfz^^m, 

^iJ'iJ'-pTr c 9 9 a ( I n v i t r o g e nfi) ty^V-i^az. (dnA 
Ligation Kit Ver. 2 ) 7^9^ ^ K (p TN 1 ) ^ft^T«§ 

F A O D <7)^mMib^n^ h o 
[0 0 5 2] 

[0 0 5 3] 

^i^i^pTNi^m^>x:kmmDn5a^MM^mu LBmmKXi)^m (3 

or. 150ml) .^yy;v. T >- 1.' v U > 5 0 ;u g/m 1 ) OD 6 6 0 = 
0. 7#ia-eiPTG (^^^0. 3mM) ^M^fz^ ^<D^^^ ^^^^^^3 0 

#^±^t^^v>-CFAOD^^^ilJ^^^fv^ L^7^:»)co^M4 (U/L c u 1 t 
ure) ^#mt/Co iU^tctiFV (2mM) . PPb (pH7. 0. 5 0mM 
) . Pheno 1 (1. 5mM) . 4r5yr>^lfi;> (1. 5^M) . 

(2U/ml) ^^v.rPOD/Phenol/4A. A. mzX, 
0 5 0 5 nmOt^^^co^.f|^^^(|^-^^^^j, j. 

[0 0 5 4] 

*^tr:^^M^-^ii^f^, PTNl/'DH5a*LB^i|fe(CJ:^^« (37 
t:> 7U 10l7r^^>'^^, r>tf^>y>'5 0;.g/ml) U ODfis 
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0-0. 7#aTlPTG (»fto. 3mM) ») -f >t*Ht 

«»ias*3or;Kw*. ?it*t/.B»*ioomMPPb (pH7 o)r 

OOOg. 90mi„) UirtilOmM PPb (pH7. 0) Ki.^-^ 
10 0 5 5] 

^^^-1 VL111AE-5PW) S-ihr-5o 1 OmM 
PPb (pH7. 0) -^'fmtVtzm'(r^>i,u-^Y;f^y^-m^mi,'7A 
DEAE-5PW(5. On..I. D. X5c„. h-V- 

^^*-^^m»imM^^tz.i,^^^tsm*<r>io^u-pp^, (pH7 o 

TW<tL;^#, 0. 7M<ONaCl*^t,aOn>M PPb(pH7 0) "C 

>^^^Ai^t.lO^M PPb (pH6. 5) T-WftL;-ci»**9A^n 

ciource PheClml, yrlVTi^r 

7.*^^Ai^t,10„,M PPb (PH6. 5) T-T«tL;im, 1 OmM 
PPb (pH6. 5) *ffl''>TFA0DS:«mS*;t„aa«2ml/mi„ 

^!:: 1*'''^"®"*""^'^*^-*° ???>*^^.sttB**4 5%iss*ii« 

, >t&4-l%v>y-;,, lOO^MFADi^&lOmM PPb (pH7 

0) r.mmi&, !^mmr.t>,6ms,. 4VKxmmin.^.. s^kioo" 

M FAD^^trlOmM PPb (pH8. 0) tCJ: ^ 6«M, 4r(.TiS*f 

lOmM PPb (PH8. 0) T•T«f^fcLf.^^^^^^v^^97.-ffli 
«*7ABioasit Q (4. 6mml. D. X5cm, h-y- («) ) 

*9A^a3ea«l O^M PP 
b (PH8. 0) T-WftL^«. 0. 3MONaCl*^t,10mM PPb 
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(PH7. 0) ^FAODmm^^fz. mmiilmlXmi ntU -^^^t 

i-^iiim(DmiOi^n-:>fzo 'i^^tifzm^m^iiomupph (pH7. o) h 

/P A G E J: 0 # -So 7 r X h r;^ 8 - 2 5 ^Mv^rm^^m^^fv^ 

Pha.s t Sy s t e mTMf^jgcT)^ - ^ ^./^^^^oTt 
[0 0 5 6] 

[0 0 5 7] 
[0 0 5 8] 

. ^tL^:$:|&0^(^7;i.^ h i.;i.r ^ ymimmm^^-X^^-t :h d <h ic J: ^ h b 
[0 0 5 9] 

M-b:.-^^*5J:0^^HbAl cttrBiJffi^>H?-^:^ti^T'^^^ ^^^^ 



S 'i) o H b 
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[0 0 6 0] 
[0 0 6 1] 



[0 0 6 2] 



i6 ^ i: j^i^-e § ^ 
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[0 0 6 3] 



^<^^t.T*.^.,a.^Biosensors-Fundan.ental a 
nd Applications-Anthony P. p. Tuner, Is 
ao Karube and Geroge S. Wi Ison, Oxford 

University P r e s s 1 9 8 7 tCfBm^ tLTl..-S. 
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««-«"Sc.eenin. and C h a . a c t e . i . a t i o . 
Of Fructose, -valine utiM.i„, Marin 

e J^icroorganism«5"Tr c^j 

seiiiisms K. Sode et al Mar B 

•otechnol.. 3. 1 2 6- 1 3 2 (2 0 0 1) SK^t^^ 
Pi Chi a sp. Nl-l»ft*PAO««a05g*»/., 

g*^o*:^y;^*aSfe^ga, 1 4 5^ goK*^,,;^,^^^' w.^iS«2m./ 
DS-PAGE^or;u*5X5cn.<.^,,,.«„aiU7.^^->.;lT 

..»*f..^-.o-o^^^^.^3^^^^^^,^_^^^^_ ^^^^^^^ 
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#M2 0 0 3- 1 1 6 3 4 8 ^-i; • 



^ ppsQ-io) \^^^^nur^Jmm^\(D^<^^^i^^f:,^ ^(om^. ^mm 

ic«iGlyPhePhePheGluAiaAspGl uAsnAsnGLuI 
1 e L y s $ tL^ ^y-f- Klfi^iJ d b hi)-^tti:^fzo 

[0 0 6 6] 



Nl-m(^cDNAOii$g(ii^lTOJ:dirLTtf9o ^-f. Nl-m;^.f,m 
RNA^^aail-^o Nl-l*^YM^^T'fl&:^« (3 0"^ 5m K L#:^) 
f r u c t o s y 1 v a 1 i n c : FV (^«^0. 4 8%) ^It-O; 
^XitLrm7tM9ft/h;^^b (MQ/FV) tCl%«®tfc (:?iJ^z||^0. 0 
1. 3 01C. lOOmK 5 0 0ml.s-yy;i.) , O D g 6 0 = 3 #i5T'*ffi ( 
5, OOOg. 15mi n. 4t:) f^. 2 0 0;. 1 buffer A(1MV 

lOOmM EDTA. 1 4 mMp^ 7^ h y ^;^) ^;j,p^^^ 
rSLfCo 20^ (lOOOU^f^^VJ^^v^/lml b 

uffer A) 4:Jnx.mfDm. 3 0t:. 3 0 m i ni^fi Lt-o ^>C> (15. 0 
OOrpm. lOmin. 4 IC) itl^^ISOGEN lmUCJ:0,WL 
5mini^fiL/Co 0. 2 m 1 n D.-i.;|.A ^inx.}l^m> ^iS. 3 
t/co (1 5, 0 0 0 rpm. 1 5mi n. 4*0 Tfc^itco 
.■5mWyyn/sV^;W^i,D£^t^U M^a. 1 0 m i n#S Lt-o it^C^ (1 
5, 0 0 0 rpm. 10m in, 4 t:) f^, ?;t^lc 1 m 1 7 0 y -;^^in 

;t?IfPL7-o it^C^ (1 5, 0 0 0 rpm. 5m in. 4 r) it^^lSmi 

^;^L/co -^'^•^It^tLTtmRNA^^p&^ibMcDNA^-^^T'i^^o 
f'^^t)^. «^^NA^^i:icRT-PCRt3J:^cDNA^i^ig-r^^^tc*5U. 
TFA0^5iitf^^^^trifJtcoii«i:d>^^T£^o if. mRNAmtT. RN 
A-PCR kit(AMV Ver. 2. 1 t a k a r a ) c^vc.^ T;VtC 

t^vv ^VrrdTr^y-^^T'y.r-r-^^v.i^lS^^.^:^^^^^^ ^^^^^^ 

DNA*aL^y-;i.^t^^tCJ: ^K^v-^fV- \ t LTPCR^^t 

AO-Fl Nl-l;^S5^FA0DOT^y^ie^iJ^j; J? # tLTt: T ^ y 



m 1 n 



11:^:^ 
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12 0 0 3-1 1 6 3 4 8 ^^.j . 

K 1 3 ^* i 0 f L ;i F A O - R 2 * ffl W . ^, i t * t-e S ^ „ 

FAO-Fl 5' -GGXACXTGGGGXWSXWSXACXGCXYTX 
CA-3' 

FA0-R2 3- -TCYTCRTYXGGYTCVAWRAARAAXCC 
-5' 

^./iLS = C + G Y=C + T R = A + G X = A + C + G + TW=A + T V 
=A+C+G 

9 4^ 1^ 

6 or 3 o# 

7 2 1C 3 0 # 
9 8 t: 3 0 # 

eor 3o# 

7 2^ 1^ 
7 2*0 8:8- 
Ji^±^2 5-9-^ 

Ta<,*.;^9-Hf,i, TaKaRa LA T a q TM*«,>;.„ . ^ - 

LT»?>tt^cPCRS»tGENECLEANIIKi t#;S«v^^y;Hca 
^^y^^^>V^nm^. PGEM-T Vect.orSystem#«ov^^ 

(3 7t;. 1. 8mK ^«) U KfflUiiffo^.^ }»?.*.^ 

y9;.5KSrM13y9^v-7*7-K. M 1 3 T"?^ ^- (^,^9 

ffi, )S«fffi* irtt A B I y X A 3 1 0 ^ * ^ ^ ^ r ^ 9 ^- + > 

o.A.v-TT'^-f K/%-^-*->;^5.Att) #«<0v^a.7^Kc L;t*^o7-„ 
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0. 5 



. -r y'^-\^<Dm.mmmm-hnhfLfzm\\^ o t'-^-v > lt^f ao-f 3 1 

FA0-F3 : 5' -ATTTCAAAGTGACGGATGAAGAAGCT 
AAAG-3' 

adapter primer: 3' - C G C A G T T T T C C C A G T C A C 
GAG- 5' 

- <7) i ^ L T# f> a/c c D N A J: «i6 ^ ti/c F A O O V^^^^^mmmi ^ % 
Nl-l#oryADNA^^Mi:LT^>^N'->;PCRtcj:oT. ^\ 

N 1 - 1 m^hWJ A D N A (i^TO i ^ ic^ftm Lt-o N 1 - 1 YM^ 
«i-r'^« (30t:, lOOmK 3 0 0ml...;,^;i,) f^, 25ml^«^ic^ 
U 2 5mla.^y^;v^ 1 i 0 , 5M EDTA^iJDx.. - 3 0 3 0m 
in^gLT-o^M (5, OOOG. 15m in. 4 1C) 1 m 1 M®®^7jc 
^^Dxil^L7^:o^t>l:^(8, OOOrpm. 5mln. 4'C)t^. t 
ml;;^7a.n-77;=^hbuf f er (1. 2My;vlfh-;K 0. IM EDT 
A. l%^;^^y^^^y^;^^ 0. lo/oHf^^yo.^:^) ^;(,nx.M^^U 3 7 
t:> 3 0mi n^gLT-o 0. 5ml Proteinase K buffe 
r (50mM EDTA. 0. 30/oSDS. 0. 0 1 p ^ o t e i'n a s e 
K) ^M^Um^ik. 6 5V. 3 0min^fiLfCo 0. 2 m I <D 5Mmm^ V 
A trmmmk. 7K±i,zx l O m i n»g Lt^To ^^t^ ( l 0 . 0 0 0 r p m. 1 
5m i n. 4'C) ±?»€:fflv.T^^ y ?«*1 5mi n 
M^^mLt:.itm^5 0 0;.l<7)TE buffer (lOmM NaCK 
2 0mM Tr i s-HCl (pH8. 0) . ImMEDTA) izmm^k. 5]. 
ICORN^B e^mmmU 3 7V. SQminmmLfZo ^<D^y^y^;i. 

ilk'mmwkiizmMLtzo 

R J: ^ F A o DmMmi^^m)fomnmjK. n^ti/zyyADNAmm 

mmmim. DNA Ligation Kit V e r . 2#^Ov^^t;^ 
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#^2 0 0 3- 1 1 6 3 4 8 ^. 

L;^C7 7^ v-FAO-F 52^i:;^>AO-R 6 ^ffiv^Tto 

FA0-F5 5' -GTGCATACGAAGAATGCAAACGATTG 
GGAGTGG-3' ^^i^ 

FA0-R6 3' -CCATCCGTTATCTCCGTCGAGAACAT 
ATCCTC-5' ^^Ai 

941:: 1^ 

6 or 3 o# 

7 2 t; 3 0 # 
9 8X: 3 0# 

6 or 3 0# 

7 2r 7^ 
7 2r 8^ 

2 5-9-^ 

Taq.1.'i;^^^-tffi^ TaKaRa LA T a q TM^^^.^ 

FAO-Ncol :5- -ATCACCATGGAGTCGATAATTATA 
GTTGG-3' i JA 

I^CT^G-^' -"'^'^""^'^A'^ATGTATGTTGTA 
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2 Sf-^ jJ-yl^ 



g B^m}i^^tf^y A D N A ^ifipST' i ^ 

941: 30 # 
55t: 30 # 
72'C 1 i> 

[0 0 6 7] 



mmmm^ ^cRmz^^FA om^^x^^ ^ d n a m a 

(^^iJ' ^ - J: :hWi^m<DmK^mii. /.^Stc j; ^ n > if^ h -lr;i/ 

t fz. -^mm ii>io\,^XN 1-1 F A O i X. ^ o 

(FAO-Nco I), C5^MJ07"^>fv-lc«Xb a I (FAO-Xb 
a I) =l:#inL7t:o 

FAO-Nc o 1 : 5' -ATCACCATGGAGTCGATAATTATA 
GTTGG- 3' 

FAO-Xbal :3' -TTGATTCTAGACATGTATGTTGTA 
ATCTTG- 5' 
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^^^-pTr c99a ( I n v i t r o g e ntt) t^^^-va^ (dnA 
Ligation Kit V e r . 2 ) ^ ^ hMp TN 1 ) 

-^^^i^LT^^^$tL7^:pTNl=l::^Mtc5F^g^mi--i>c:i:tcj:^}. & 
;l F A O D <^^M*;6^^f X. -5) o 

[0 0 6 8] 



scherichia coli DH 5 « /p TN 1 ^Mv^TF AO<^^M^ 
o T tf V V > 5 0 g/m 1 ^#t.L Bi^Afe 3 m He 
MffiU 3 71CT'1 2NF^^«Sr^TV\ ^^i:>^^Mtc J; Lt^Io CIO 

«^-71.>^-7V;^ (1 5 0 0 kg f) -em#L7^cm. (4-0. 160 

, 4 0 0 Xg, 9 0^) tcj:l}_hrt<7)7X^M^ (1 OmM';>m;5/V->Ag 

^PH6. 0) i5^m\.fzo ^<o^^Ki.xm^^^fz^wim±mmmmm 

tCFAO^H^L/Co »ttMP i ch i a sp. N 1 - 1 ^ ^> t^v^T^^^^ 

ami.>^T'{iM*. :^Mamx.S#-effiv^t,*L-cv>^ I PTG^fflv^TM^i- 
[0 0 6 9] 



1^ 



^^tr7mM^-^Mi^t--5>o pTNl/DH5«^LB^^tIJ:^)^^ (37 
7U 10l7T-^>^^. T>e^>V>5 0;.g/'ml) U ODge 
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#02 0 0 3- 1 1 6 3 4 8 

0 = 0. 7#iaT-IPTG (mmo. 3mM) IZX ^ -(> r» ~> . >ii^f 
««iSS*3 0rKT.f^„»?,^v/cB#*10 0mM PPb(pH7 0) 

Kmrnu y'^^^yu^izio 4mmwin.fi. mm±mi&»-t^ (4o 

. OOOg. 90min) U ±riSrlOmM PPb (pH7. 0) Ci 

ry ^ (cffifl:^ ^ , , _ ^^^^^ ^ ^ ^ 

PPb (pH7. 0) t?¥^<tL;t|^^4->^n-7h^57^-fflS«*5A 
DEAE-5PW(5. O.M I . D. X 5 c I-- V- 

0)r-T«<tL^«, 0. 7M«NaC14*t,10:nM PPb (pH7 0 

®T.*^^,AS.^t,10mM PPb (PH6. 5) TWftLfc»**9A 
^n^K,.97^-^*«*,AR,,„„^^^ p^, (,^,^ ^^^^^ 

>T (ft) ) J:|eie«® gttH»t«S 5 *9A»a3»fi«53 5% 
«mr>,^^A*^t,10„>M PPb (PH6. 5)rWftL^m, 10 
n>M PPb (PH6. 5) *ffiv.rFA0D*SffiS*,,„aa.i2„,/„ 

lOO/iM FADSr^tflOmM PPb (p 

H7. 0) izmm^k. mmmmr. X t) 6 mm. 4x:izxmmin-=t- se,ri 

OO^M FAD**£.10n,M PPb (pH8. 0) ..J:<,6^^. 4 r ,c 

i-So lOmM PPb (pH8. 0) -eWftLTtm^^j-^^n-Th^jy^ 
ffl3E«*9ABioasit Q (4. 6mm I. D. X5cm, ^-y- 
«) ) r., ±Bxnb^t,^>y,i,i^^^^^^^ *9AS*3fSfiol Om 

M PPb (PH8. 0) X-VmitLfi^, 0. 3M«NaClt^t,i0mM 
PPb (pH7. 0) X-FAODmmS^tz.mmilmiymintL 
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[0 0 7 0] 



Iructosyl valine, N 
' fructosyl lysine, fructosyl glysine 
^ fructosyl alanine, fructosyl leusine 
^ fructosyl phenylalanine, 
(^*f1-*Rj£.ttomH4-fi=o/^»M)e(caSS (lOmM) , PPb (pH7 
0, 50mi^« , Phenol (1. 5 mM) , 4r5yTV^f.;> (i 5 

mM) , + Sfflv^rP OD/P h e n o 1 /4 A 

• A. i*l:J:0 50 5nmO%*a«^<£&iiiai-a-t,;j;^,^^^.^ 

ffi -wj* II o I, > T * ffl V > T iB S *i ;t a X. F A 
Oiit>0.-n^ep^ c h i a s p. N 1 - l»tt»T*Mstt;S^^tifc«EL 
^e«*«XXC^^. ;«J:^k. a»^DNA(CJ:»,, J: 0 g;v>Stt*;t^ 
■5 F A O Srigli-^ C t ^t-;.^ 

[0 0 7 1] 

*^««7*^H->,Pr^>»<tB^ (FAO) ,c»u 
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iomMv>m^v^2.mmm (pH7. o) o^^TT^ m^x^i^mR^.^ 

[0 0 7 2] 

:MM5t3^^v.m^t7-FAOl00v^.^^.;.;,^;,. (5 7mgM6«/ 

■^^^.^^oimLfzmmmm^3ovr.^^Lfziomi pbs (pH7 4 

«c/n /wia^^tr^ir 5 mM- 2 0 mM<7>$Ba 

[0 0 7 3 J 

^ 2 Omgii^i^U 




n.MV>S6*.;,AM«a (pH7. 0) iR&mmtL. gg^iOmltL 
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t-r^^©a<bm^P^L7t:o^i&M5tc|^V.Mi»L;-FAO5 0;.l (o 0 
1 2) ^®^-^«tT^^^>^^n>^.;, ^^^.^^OV>'^T«@^Lr^^mM 




M^a^;. ( 2 5 r) 5 0 0 xnM A^^^ ( p H 7 . 0 ) ^ 1 0 m 

lO 0 7 5 J 



:7';V T > >'*;l' — ^ > _ 



(BASt±, ^r'JUlSSo. 1 1 



-2 0 12) ±X0. 1 
(I I I) AV'yj^t. 
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#02 003-116348 ^>_.v' • 

2mM<DSft (III) «SrjDx.< 2 5t;, 6 0»^, +0. 4V vs Ag 
/AgCK^Sfii-EpSDL, -7 < l^^i'^n%^tz. *<D«, -0. 05V*>?, 
0. SSV^SffiS-Epjo (10 0) UTV><Cfey,;PA*»^5«XV>t, 

(2 51=) (:5 0 0mMV>S*V^Aaafig (PH7. 0) tlOznljD 
m«SKO. 05VVS. Ag/AgCl*EpjDU mffl1t=4t^#(c;S,/.t ^ 

^^1" S ti 6 t'T-^ o /Co 
[0 0 7 6J 

^^§§tCJ;t?p i ch i a sp. fe^^OMfb-^-^e^J^'DIf^ (HbAlc) 



c »v-wH?!/u7v.o ^ «_ <i: J: ^ :^i;tCFAO^ 
imi] HKi. P i ch i a sp. Nl-l#S5fe7;V^j,,>;^^,.^^ 

riil2] Igl2(i. P i ch i a sp. Nl-mm^.yjl^^hi^Jl^r^^ 
[HiS] III3{±. Pichia sp. Nl-i^ffi5^:,;u^^,>;^^,^^ 
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^-''J: 34/E 



[0 4] m 4 if^mmizm\^^(biifz p c r 7°^ ^ ^^t-o 

[1216] M6itm.m^FA0(D±mmT<o^m^mi-o 

im7] mi ammx. f Ao<Dm^^m^m^mi-o 

[1218] l2I8(i|§.^^FA0Or&14i:^m#^14^r^i-„ 
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^ m 



1/ 



> *v • * 



1 

•f 
101 
•I 

•t 

,3 6J. 

•f 

631 
•I 

721 

eu 

• t 
-I 
•I 

1091 

• • ■ • . • 

1171 
- • - - - 

•I 

1261 



— — - - - - ^ r-iw L*a Al« tij' 

^ ' *«P Ai» O f Gl» 



ATCC-mcr-rr. TtTrTH iT '7 . m T. ^ ""^^ '^••---^n;^ 
■ Ct5fty«nTT«y V** Au Tfr ca, ^ - - - - • 

'TTTTTrfi^lT TlLJJj_ Li.i.i ii,.,!'. *ia Al. A»fl j^'oh Vi* 

ofa Au L«--'i5;-£;:-V----„;;-i;^tT^T i> ■ 7. ^"^ ^ ^ 



r^r... ".,. trrrTrrii, ulllalx/. «^ T. V^-El;'-S:- 
o^-rr..... ^ -^A. p.„ ^"^-".y 



^ ^ V*) Thr A^*aJ*"- 



^cSge nr TGATCTT...^ --V^ T^^r cTliT iJ^ r ^ ^-^ ^ v^-ys-t^'-a:- 

ATieAi-r«*T^. . ^ * ''^ ^ ^ a* An in g>." uJ--;^>-— ^■ 



A(-1-Rft^.>.. —2 12 *m aiu Arg TV Atg VM M» Aj^' U^' Aj;,' 



••iS^--— ^.^^^^^J^ OTCACCACTT 



_B?L Ohj Qiu v*f vi iai A^'- 



• * • M . , 



[m 2 ] 



y»sk»vtkgdkgldp«lk,«*.rMt«lkrgqvrwKryr,adl„eiM,,,,,„ptphk|e 
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2o 



Pichia sp. Nl-l ^2^y^T$ >l^l'K*/r^'Av-^«™.^ 




aactagaataa-3 ' 
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[iSl4] 



FAO-Fl 5'.GGXACXTGGCSOXWSXWSXACXGCXYTOCA-3' 

FAO-R2 3'.TCYTCRTYXGGYTCVAWRAARAAXCC5' 

fc^L* S=C+G Y=C+T X=A^^<3^TW=A+TV=A4C-K5 



. FAO-F3: 5-.ATTTCAAAGTGACGGATGAAGAAGCTAAA0.3' 
adapter primer : 3'-CGCAGTTTTCCCAGTCACGAC.5- 



FAO.F5 5'<3TGCATACGAAGAATGCAAACGATTGGQAGTGG.3' 
FAO-R6 3'^ATCCGTTATCTCCGTCX5AGAACATATCCTC.5' 
FAO-Ncol : 5'-ATCACCATGGAGTCGArAArrArAGrrGG-3' 



FAO-Xbal : 3'.TTGATTCTAGACATGTATGTTGTAATCTTG-5' 
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5J 

l§^^^ ^ — p T N 1 ^^-f o 

Ncol 




Structure of FAO expressfon vector 

pTNl 



ffiliEi^2 0 0 4-3 0 
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6/ 



7 J 



«am^ F A o (Dmn^m^M^m-r< 



67kDa 
43kDak 




lOMW 

DEAB 5PW 

Bioasist Q No^3 

6:aiter Bioasist Q No.24 

7:after Bioasist Q NoJJS 
&LMW 



2:Soluble 3:after 
4:after RESOURCE Phe 5:aft» 
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^ — V 



[HIS] 



Table. Kinetic parameters 




Km (mM) 
Vmax (U/mg> 



Rec ombinant Wild 
5.9 




5.6 
4 



Table. Substrate specifidty 



Substrate 
fructosyl valine 
fructosyl lysine 
fructosyl glycine 
fructosyl alanine 
fructosyl leusine 

fructosyl phenylalanine 

glucose 

sarcosine 



Activity(%) 

Rec ombi nant 
100 
120 
4 

56 
14 
104 
0 
0 



Wild type 
100 
135 
9 
60 
31 
103 
0 
0 
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1 . ^M^E a 
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